Introduction
Cholangiocarcinoma (CCA), which arises in the bile duct, is the second most common primary hepatobiliary malignancy. 1, 2 According to the anatomic site, CCA is classified as intrahepatic, perihilar, and distal. 3 The incidence of CCA is increasing, especially intrahepatic CCA. Analyses of Surveillance, Epidemiology and End Results (SEER) data from 1973-2012 reported that the incidence of intrahepatic CCA in the US increased from 0.44-1.18 cases per 100,000, representing an annual percentage (APC) of 2.30%; this trend has accelerated during the past decade to an APC of 4.36%. The incidence of extrahepatic CCA has increased modestly from 0.95-1.02 cases per 100,000 during the 40-year period (APC, 0.14%). 4 Although CCA is usually
Methods

Patient selection
The dataset 'incidence-SEER 9 Regs Research Data, Nov 2017 Sub (1973-2015)< Katrina/Rita population adjustment>' was used for analysis of multiple primariesstandardized incidence ratio (MP-SIR). Case listing was based on dataset 'incidence-SEER 18 Regs Research Data + Hurricane Katrina Impacted Louisiana Cases, Nov 2017 Sub (1973-2015 varying) '. Patients were selected based on the following inclusion criteria: 1) diagnostic confirmation by positive histology; 2) histology indicates CCA; and 3) CCA that presents as the first of two or more primaries. Patients in whom the diagnosis of CCA was made at autopsy or on the death certificate were excluded.
Definition
According to the SEER definition of multiple primary tumors, the following criteria were used in our study: 1) tumors with ICD-O-3 histology codes that are different at the first, second or third number are multiple primaries; 2) one tumor characterized as "adenocarcinoma, NOS" and another as a specific adenocarcinoma is regarded as a single tumor; 3) an invasive tumor following an in situ tumor >60 days after diagnosis is a multiple primary; 4) tumors with ICD-O-3 topography codes that are different at the second and/or third characters are multiple primaries; 5) tumors diagnosed >1 year apart are multiple primaries. Latency was defined as the interval from the diagnosis of CCA to that of SPM. Standardized incidence ratio (SIR), an indicator of SPM risk, was calculated by dividing the observed number of SPM cases by the expected number based on general population rates.
statistical analyses
Data from the SEER database were retrieved using the SEER*Stat version 8.3.5 (http://seer.cancer.gov/seerstat/). A two-tailed Student's t-test or a two-way ANOVA was used to compare the mean values for continuous variables, while a chi-squared test was applied to categorical variables. Multivariable logistic regression was used to determine the effect of individual factors on the presence of SPM. Survival estimates were obtained using the Kaplan-Meier method. Multivariable Cox regression was performed to identify covariates associated with increased all-cause mortality. A P-value <0.05 was considered significant. Statistical analysis was performed using the PASW Statistics 23 software program (Release 23.0, IBM Corporation, Armonk, NY, USA) with the exception of the nomogram, which was performed in R (version 3.5.1; R Foundation).
Results
Risk of developing sPM in patients with CCa
The overall risk of developing SPM in patients with CCA was significantly higher than that in the general population (SIR impact of age at diagnosis, sex, race, and latency on the risk of sPM in patients with CCa
Since age at diagnosis, sex, race, and latency might be significant determinants of SPM development, we further evaluated the effect of these factors on the risk of developing SPM in patients with CCA. As shown in Table 2 phatic and hematopoietic diseases were evident in females and whites. Additionally, the risk of SPM in transverse colon was also found to be significantly increased in whites. Patients with latency ≤11 months carried significantly increased sitespecific risk of SPM in esophagus, small intestine, descending colon, intrahepatic bile duct, other biliary sites, breast, prostate, kidney, and thyroid as well as non-Hodgkin lymphoma.
Clinicopathologic characteristics of patients
From the case listing section of SEER database, we identified 11,495 patients with CCA, including 11,172 patients with only one primary and 323 patients with CCA as the first of two or more primaries. The detailed patient selection procedure is displayed in Figure 1 . Clinicopathologic characteristics of patients with CCA as the lone primary and patients with CCA as the first of two or more primaries are summarized in the group of patients with only one primary, then compared the clinicopathologic characteristics in the two subgroups, which were now matched in number of cases. This analysis revealed similar results (Table 4) .
Risk factors of developing sPM in patients with CCa
To determine risk factors of developing SPM in patients with CCA, we further performed multivariable logistic regression. As shown in Table 5 , not having undergone surgery for the first primary (vs having undergone surgery for the first primary; HR, 0.269; 95% CI, 0.211-0.342; P<0.001) was associated with significantly decreased risk of developing SPM. Factors including age, sex, race, marital status, tumor location, grade, SEER histological stage, AJCC sixth stage, and tumor size were not able to predict the development of SPM.
Prognostic impact of sPM on patients with CCa
Having determined the incidence and site-specific risk of SPM, we next sought to investigate the effect of SPM on prognosis in patients with CCA. OS was better in patients with SPM than in patients without SPM (Log rank =189.618, P<0.001) (Figure 2A ). Median OS and the corresponding 95% CI were 31 (23.773-38.227) months and 6 (5.741-6.259) months in patients with CCA with and without SPM, respectively. DSS was better in patients with SPM than in patients without SPM (Log rank =325.423, P<0.001) (Figure 2B ). Median DSS and the corresponding 95% CI were 319 (not available) months and 7 (6.706-7.294) months in patients with CCA with and without SPM, respectively.
We further performed multivariate Cox regression analysis to identify variables that might influence overall mortality and disease specific mortality of patients with CCA. As sixth stage, tumor size, and surgery at the first primary site between the two subgroups. To validate whether the difference was caused by the difference in sample size between the two subgroups, we randomly chose 323 patients from 
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Zhuang et al shown in Table 6 , absence of SPM was an independent factor for poorer OS (HR, 2.009; 95% CI, 1.76-2.294; P<0.001).
Variables that were significantly associated with increased overall mortality were age ≥60 years, black race, unmarried status, poorly differentiated/undifferentiated cancer tissues, regional/distant disease, AJCC III stage, tumor size >10 cm, and not having undergone surgery for the first primary. 
Prognostic nomogram for Os and Dss
The prognostic nomogram that integrated all significant independent factors for OS in patients with CCA is shown in Figure 3 . The C-index for OS prediction was 0.657. The calibration plot for the probability of survival at 1 year, 3 years, and 5 years after diagnosis showed an agreement between the prediction by nomogram and actual observation ( Figure 4 ). The prognostic nomogram that integrated all significant independent factors for DSS in patients with CCA is shown in Figure 5 . The C-index for DSS prediction was 0.661. The calibration plot for the probability of survival at 1 year, 3 years, and 5 years after diagnosis showed an agreement between the prediction by nomogram and actual observation ( Figure 6 ).
Discussion
Improvement in diagnostic and therapeutic strategies for cancer has led to an increase in cancer survivors. Approximately 18 million cancer survivors are expected by 2022. 20 It is important to figure out the long-term impact of cancer and its treatment in the population of cancer survivors. SPM is one of the long-term complications of cancer. Identifying the exact risks of SPM following primary cancer will contribute to development of evidence-based guidelines for surveillance of cancer survivors.
To the best of our knowledge, the current study is the first to report the risk of SPM in CCA survivors. Our study showed that the overall risk of SPM in patients with CCA was significantly higher than that in the general population. The site-specific risk of SPM in colon was significantly increased, especially in whites, patients aged ≤29, patients aged 30-59 years, and patients with latency ≤11 months. In view of our results, colon cancer screening is suggested in these specific groups of patients. There are two possible explanations for the correlation between CCA and colon cancer. Inflammatory bowel disease, a major risk factor for colon cancer, was reported as a risk factor for CCA. 21, 22 Additionally, CCA and colon cancer had shared genetic mutations, including FGFR2 and HER-2.
23-26
Previous studies reported that patients were at increased risk of developing thyroid cancer after several cancers, including Hodgkin lymphoma, 27 gastric cancer, 28 kidney cancer, 29 and prostate cancer. 30 Our study found that the risk of thyroid cancer also increased in CCA survivors, especially in whites, patients aged 30-59 years, and patients with latency ≤11 months. Some shared common etiological factors could be responsible for the association between CCA and thyroid cancer. Dietary iodide deficiency and intracellular iodide deficiency caused by mislocalization of sodium/iodine symporter (NIS) were shown to play a role in the carcinogenesis of thyroid and CCA. 31, 32 The influences of sex hormones and obesity on the development of CCA and thyroid cancer were also reported. [33] [34] [35] However, the causal relationship underlying the association is not well understood and needs further study.
A significantly elevated risk of cancer in the bile duct was also evident in our study, especially in whites, females, patients aged 30-59 years, and patients with latency ≤11 months. The main concern is whether these bile duct cancers are metastases or recurrences from the primary malignancy. International Agency for Research on Cancer (IARC) and SEER rules are two widely used sets of rules for coding multiple primary cancers. Different rules used to collect and consolidate multiple primary cancers would result in differences in incidence rates and trends. 36 
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Zhuang et al America. Weir et al reported that, compared to SEER multiple primary coding rules, IARC rules reported fewer multiple primary cancers. 38 As stated in the Methods section, we applied SEER definitions, which were developed to enumerate primary cancers including differentiating a new primary cancer from a distant metastasis or a recurrent cancer, to identify patients with multiple primary cancers. 39 Since there is still no golden rule for defining multiple primary cancers, we should still be concerned whether these bile duct cancers are metastases or recurrences from the primary malignancy.
Surgery is currently the best available potentially curative treatment in patients with CCA who present with early stage disease. 40 We found that patients with CCA with regional and distant disease had a decreased risk of developing SPM in comparison with patients with localized disease. Additionally, 
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Zhuang et al having undergone surgery for CCA was a favorable factor for SPM development and better OS. We assumed that this is a result of relatively long-term follow-up of patients with relatively early stage disease and who underwent surgery. Furthermore, we found that the presence of SPM was an independent factor for OS and DSS prediction. OS and DSS were better in patients with SPM than patients without SPM. The most plausible explanation might be the relatively poorer survival of patients with CCA. Compared with previously published studies, our study has the following strengths. First, it was the first study reporting the risk of developing SPM in patients with CCA. Using a standard method, population-based data were collected from high-quality registries that covered ~28% of the US population. The study covered a large number of patients with CCA across 42 years , forming a highly generalizable dataset that is likely more reflective of the population experience. Second, it provided strong evidence for the development of guidelines for surveillance of CCA survivors. Our analysis revealed that 19.2% (62/323) of SPM were diagnosed at distant stage. The rate was underestimated due to 23.84% of SPM being unstaged at the initial diagnosis. The result indicated a need for enhanced surveillance of patients with CCA at high risk of SPM, which would enable the early diagnosis of SPM. We analyzed the risk of developing SPM in subgroups of patients of different age, sex, race, and latency, which provided detailed information regarding patients' prognosis and how to focus clinical follow-up in each subgroup. Third, our study indicated an association between CCA and the most common SPM, a finding which would improve our understanding of the biological behaviors of these malignancies and direct further exploration of the association.
Our study should be considered in the context of its limitations. First, the SEER database does not collect information on factors such as habits (smoking, alcohol use), comorbidities (diabetes, hepatitis, obesity), exposure to carcinogens, family history, or chemotherapy used, all of which would affect the comprehensive analysis of risk factors for SPM development. Second, there is a potential for underestimation of SPM risk in the case of patient migration out of the SEER geographic registry. Third, the main limitation of the study was that we did not collect detailed treatment information for these SPMs.
Conclusion
In conclusion, we observed that patients who survived CCA were at a significantly higher overall risk of developing SPM. Specific sites where the risk of SPM was significantly increased included colon, thyroid, intrahepatic bile duct, and other biliary sites. Additionally, the risk of developing specific SPM varied by age, sex, race, and latency. Development of SPM was a favorable predictor of OS and DSS in patients with CCA. The results of our study suggested that the increased risk of SPM did not shorten OS and DSS of patients with CCA, possibly due to the relatively poorer survival of patients with CCA.
Data sharing statement
The data accessed from the SEER database are freely available. 
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